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Abstract 

An efficient extraction procedure for the isolation of prosta¬ 
glandins (PGs) front biological samples for their subsequent quanti¬ 
fication by gas chromatography-electron capture detection (GC-ECD) 
is described, PGs were extracted from lung, kidney, spleen and 
stomach fundus into ethyl acetate at different pHs. The highest 
recovery and least extraction of contaminating pigments was obtained 
at pH 4.5. Pigments and other contaminants are removed by thin- 
layer chromatography using a solvent system chloroform-isopropyl 
alcohol-ethanol-formic acid (45:5:0.5:0.3). The isolated PGs were 
determined by GC-ECD after appropriate derivatization. The overall 
recovery of PGs using this procedure is 60%. 

Introduction 

Prostaglandins (PGs) and thromboxane are not normally stored in 
tissues but are mostly biosynthesized from unsaturated fatty acids 
•in &-Ltu when and as required. The presence of these compounds in ex¬ 
tremely small amounts in mammalian tissues make their analysis quite 
difficult (l-6). Gas chromatography with electron capture detection 
(GC-ECD) allows the analysis of PGs in the picogram range (3-5), but 
contaminants present in the sample can limit the greater sensitivity. 
Art efficient extraction procedure for removing the contaminants while 
ensuring a high recovery would facilitate the analysis of PGs by 
GC-ECD. PGs are generally extracted from biological samples by re¬ 
moving the neutral lipids with petroleum ether at slightly alkaline 
PH and then by extraction of the acidified aqueous solutions with 
organic solvents, e.g. chloroform, diethylether or ethylacetate, the 
latter solvent being most widely used (6). At low pH, PGE can be de¬ 
hydrated to form PGA (7), and pigments present in tissues like lung, 
spleen and kidney are also extracted at this pH and are not removed 
by silicic acid or amberlite XAD-2 column chromatographic methods 
>8), The polarity of the pigments is such that it is very difficult 
to separate them from PGs by the solvents used for eluting PGs from 
these columns. Large volumes of solvents are sometimes used to 
a thieve this separation (5,6). In addition, the preparation, washing 
an d elution of the column is a time consuming process (9,10). 

Thus, the pigments and other contaminants which are coextracted 
and accompany PGs throughout the extraction procedure give a high 
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background during GC-analysis with resultant loss of resolution, peak 
broadening and reduced sensitivity* We have developed a thin-layer 
chromatographic (TLC) procedure which separates PGA, PGB, PGD, PGE, 
PGF, IXB 2 and 6-oxo-PGF lct on the same chromatogram (11). The close 
proximity of PGE, PGF, TXB 2 and 6-oxo-PGF ]Cj facilitates their removal 
as an entire band from the TLC plate from which they can be subse¬ 
quently extracted with chloroform-methanol. This chromatographic 
system facilitates separation of contaminants from PGs. 

Moreover there is no systematic study of the effects of pH on 
the extraction of PGs from different tissues which might have 
different binding capacities for PGs. The present communication 
describes the affect of pH on the extraction of PGs from different 
tissues and outlines a TLC method which eliminates the contamination 
while maintaining a high recovery facilitating subsequent GC-ECD 
analysis. The tissues examined were lung, spleen, kidney and stomach 
funaus which contain represenative amounts of one or the other PGs 
mentioned, e.g. PGE 2 , PGF 2a , TXB 2 , 6-oxo-PGF la . 

Materials and Methods 

Radioactive arachidonic acid (AA) and PGs were purchased from 
New England Nuclear, Boston, MA. Silica gel G plates were either 
purchased from VWR Scientific, Rochester, MY, or made in our labora¬ 
tory. All solvents are of analytical grade. 

Extraction of PGs and Arachidonic Acid from Tissues at Different pHs 

Sprague-Dawley rats weighing 200-300 grams were anaesthesized 
with ether and sacrificed. Lung, spleen, kidney and stomach fundus 
were removed, cut into small pieces, washed with saline (4°C) and 
homogenized in 0.1M Na 2 HP0 4 -KH 2 P0 4 buffer, pH 7.4, with a polytron 
homogenizer at 4°C. To calibrate recovery of prostaglandins, known 
amounts of 3 H-PGs and 14 C arachidonic acid were added (Q.lyCi in 10 ul 
ethanol) to the homogenate and the mixture allowed to stand at room 
temperature (25-27°C) for 5 min. Aliquots (1 ml) of this homogenate 
(in triplicate) were extracted at each of the pH studied, i.e. pH 
3.5, 4,0, 4.5 and 5.0. The pH was adjusted with 3% formic acid and 
the PGs extracted twice with 1.5 vols of ethyl acetate containing 
0.005% BHT. Each tissue was extracted four times. After each addi¬ 
tion of ethyl acetate the mixture was mixed in a thermolyne specimix 
(Superlco, Inc., Bellefonte, PA) for 10 min. The aqueous and organic 
solvent layers were separated by centrifugation at 7000 rpm for 5 min. 
The top ethyl acetate layer was transferred to scintillation vials 
and 200 ul of hydrogen peroxide added to each vial to decolorize the 
samples which were then evaporated to dryness. The radioactivity was 
measured by a Packard (Model 3385) scintillation spectrometer after 
the addition of liquiscint (National Diagnostics, Somerville, NJ). 

Spleen, because of its high pigment content, was chosen for 
studying the extraction of pigments at different pHs. Aliquots (1 ml) 
of.spleen homogenate in 0.1 M Na 2 HP0i t -KH 2 P0 4 buffer, pH 7.4, were 
acidified to pH 3.5, 4.0, 4.5 and 5.0 with 1-3* formic acid and 
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extracted twice with 1.5 volumes of ethyl acetate. The absorbance of 
the ethyl acetate extract was then scanned from 300-700 nm wavelengths 
in a Cary 219 spectrophotometer (Varian Instruments). 

Thin-Layer Chromatography of PGs 

Thin layer chromatography was employed to separate PGs and pig¬ 
ments prior to GLC analyses. 20 x 20 cm pre-coated silica gel G 
plates of 0.25 mm thickness or hand-made plates of 0.5 mm thickness 
were used. The ethyl acetate extracts were spotted on the plates and 
a solution containing a standard mixture of PGE and PGF was spotted at 
one corner of the plate. The plate was developed twice up to 16 cm 
from the origin in a filter-paper lined chamber containing the solvent 
system chloroform-isopropyl alcohol-ethanol-formic acid (45:5:0.5:0.3) 
(ll). The entire plate except the known PG standard channel was 
covered with aluminum foil and the exposed area sprayed with 10% 
phosphomolybdic acid in ethanol and heated on a hot plate until the 
standards were visualized. The area between PGF and PGE was marked 
and the entire zone between this area containing PGF, 6-oxo-PGF ta 
TXB Z and PGE was scraped off the plate and eluted with chloroform- 
methanol (1:1) containing 0.005% BUT. 

Gas Chromatography and Detection of PG 

The PGs recovered" by TLC were prepared for gas chromatographic 
analysis by converting them to volatile derivati ves. _ The derivatiza- 
tion technique was the same as described by Fitzpatrick st nt. (3) 
and Mai ejt oJL. (12). In general the TLC eluate was evaporated 
to dryness and the residue was esterified, oximated and silylated 
with pentafluorobenzylbromide, pentafluorobenzyl hydroxylamine HC1 
and cis-(tri-methylsilyl)trifluoroacetamide (BSTFA), respectively and 
identified by the retention time based on authentic standards and 
confirmed by GC-MS (HP 5995A) (12). 

Results and Discussion 

The extraction of pigments from spleen by the solvent system at 
different phs is shown in Figure 1. The absorption maximum of the 
pigment is 385 nm. It is evident from the figure that as the pH of 
the extraction medium was changed from 3.5-5.0 the absorbance de¬ 
creased indicating a reduction in extraction of the pigment. 

The recoveries of standard PGs and arachidonic acid by the ethyl- 
acetate extraction method at different pHs are shown in Table 1. The 
recovery of a particular PG depended on the pH and the tissue involved. 

The PGs and AA were less efficiently extracted from the kidney at 
pH 3.5 than at the other pHs studied. Most of the PGs were most ex¬ 
tractable at pH 4.5 although less than 90% of added 6-oxo-PGF la was 
extracted at this pH. 

In the spleen, less TXB 2 and AA were extracted at pH 3.5 than 
pH 4.5 and 5. However, the pH did not seem to influence the extrac¬ 
tion of PGF 2ffl , 6-oxo-PGF lo , and PGE 2 to a hy extent. 
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Figure 1. The absorbance of the pigment extracted from spleen by 
ethyl acetate at different pHs. Homogenates of spleen 
were extracted at different pHs and absorbancies of the 
extracts measured. For details see Materials and Methods. 
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Table 1. Recoveries of radioactive prostaglandin and arachidonic 


acid standards extracted from homogenates of rat lung, 
spleen, kidney and stomach fundus at different pHs* 


Added 

Compound 



pH of Extraction 

pH 3.5 

pH 4.0 


L 

K 

S F L 

Percent Recovery 

K 

S 

F 

pge 2 


92+3 

92+3 

93+2 

90+4 

95+4 

95+4 

94+3 

93+3 

PGF 2a 


88+5 

86+7 

91+4 

91+5 

88+4 

90+4 

92+4 

93+5 

6 -oxo-PGF la 


88+6 

80+5 

86+4 

70+5 

89+5 

88+7 

88+3 

86+5 

txb 2 


84+4 

82+4 

82+4 

94+4 

90+3 

87+3 

84+4 

98+4 

Arachidonic 

acid 

80+2 

82+2 

83+3 

84+3 

94+2 

92+1 

93+3 

94+2 




pH 4.5 



pH 5.0 


pge 2 


9B+F 

98+5 

96+3 

93+2 

96+3 

96+3 

95+4 

91+3 

PGF 2o 


91+3 

91+2 

93+3 

94+2 

89+4 

91+7 

91+5 

93+3 

6 -oxo-PGFi„ 


90+3 

89+4 

89+2 

88+3 

83+3 

83+5 

85+4 

80+4 

TX8 2 


97+4 

91+4 

92+3 

98+3 

97+3 

93+6 

95+5 

98+4 

Arachidonic 

acid 

96+3 

96+2 

97+3 

96+2 

95+3 

93+2 

94+4 

93+3 


*L = lung, S = spleen, K = kidney, F = stomach fundus 
**Mean + SD, n = 4 


At pH 3.5, PGE 2 , AA and TXB 2 were not as efficiently extracted 
from lung as at the other pHs studied. Extraction of PGF 2 appeared 
to be independent of the pHs studied, whereas less 6-oxo-PGF la was 
extracted at pH 5 than at the other pHs. 

In the stomach fundus, less 6-oxo-PGF ia and AA were extracted 
at pH 3.5 whereas the change of pH did not seem to have a great 
effect on the extraction of PGE 2 , PGF 2 „ and TXB 2 . 

These data indicate that the pH of the extracting medium does 
influence the recovery, but extraction at pH 4.5 was deemed most 
effective overall particularly because less pigment was extracted 
irrespective of the organs studied. Better recovery of PGs from 
serum was obtained at pH 4.5 (13). Best recovery of TXB 2 was ob¬ 
tained at pH 5.0. The recoveries of 6-oxo-PGF la from different or¬ 
gans at pH 4.5 were less efficient {about 90%) than for the other 
PGs studied (91-98%). Poyser at at. reported a lower recovery 
(63-65%) of 6-oxo-PGF la from a buffer solution (14), but we did not 
find such a lower recovery from any of the tissues at the pH values 
studied. Significantly, we observed that the extraction of 6-oxo- 
PGF 1( , using siliconized glassware Improved the apparent recovery 
(5-6t) over that when regular glassware was used. The addition of 
hydrogen peroxide to the scintillation vials gave a clear residue 
after evaporation, thereby minimizing the color quenching effect and 
improving measurement of the radioactivity. 

The solvent system used in this study readily moved the pigments 
far ahead of PGs while the phospholipids remained at the origin. The 
6 -oxo-PGF la and TXB 2 migrated between PGE 2 and PGF 2(X and formed a 
relatively narrow band which could be scraped from the plates. The 
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TLC solvent system should be freshly prepared each time and any 
remaining liquid should be drained from the TLC chambers before 
fresh solvent is added. The recovery of PGs from the thin-layer 
chromatograms was >90% using radioactive monitoring. The overall 
recovery of PGs from lung and kidney after acidification at pH 4.5 
and TLC purification prior to GC was about 60% as monitored by 
radioactive PGE 2 and PGF 2 a 

Gas chromatograms of PGs in kidney and fundus extracted by 
this procedure are shown in Figure 2. Thus the extraction of PGs 
at pH 4.5 with ethyl acetate is efficient, simple, and the entire 
procedure is being routinely used in our laboratory to study the 
effects of dietary trans linoleic acid on PG biosynthesis. 

Figure 2. Gas chromatogram of (A) kidney and (B) stomach fundus 
after ethyl acetate extraction at pH 4.5 and TLC. 

Column: 6' x 1/8", glass, 3% 0V-101 (100/120 mesh}. 
Conditions: (A) 2S5°C, 16 ml/rnin argon:methane (95:5). 

Kidney homogenate was spiked with 2 iag of PGE 2 - 
(B) 270°C for 10 min, 5°C/min to 285°C, others same as 
(A). Peaks correspond to 1-5 ng of PG. PGs were 
chromatographed as pentaf1uorobenzyloxime pentafluoro- 
benzyl ester TM5 ethers in HP 5830A with 63 Ni electron 
capture detection (Model 18803 A). Numbers correspond 
to retention time of PGs, Each peak has been identified 
by GC-MS, (HP-5995A) 
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Fiqure 3A Gas chromatogram of kidney without TLC purification by the 

method described in the text. Other conditions are the same 
as in Figure 2. 
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Figure 3B. Gas chromatogram of spleen with TLC purification by the 
method described in the text. Other conditions are the 
same as in Figure 2. 
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